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Translhoracic echocardiographic examination of the proximal left
coronary system was performed in 59 patients who had dilated
cardiomyopathy to determine if this technique could distinguish
between ischemie and nonischemic dilated cardiomyopathy . With
use of annular array transducers (3.5 or 5 MHz) and digital image
processing, echocardiographic visualization of the coronary arter .
ies was successful in 55 (93%) of 59 patients. As assessed by
coronary augiography, 32 subjects had ischemic cardiomyopathy
and 27 had nonischemic cardiomyopathy.
Twenty-seven (84%) of the 32 patients who had coronary
artery disease and 24 (89%) of the 21 patients with nonischemic
cardiomyopathy were correctly Identified. The accuracy of coro-
nary echocardiography was 86% in the entire study group and
93% when patients with inadequate studies were excluded . All
Various noninvasive methods have been employed for the
purpose of distinguishing dilated cardiomyopathy due to
coronary artery disease (ischemic cardiomyopathy) from
nonischemic dilated cardiomyopathy (1-Il) . The correct
diagnosis may not be apparent from the history, physical
examination, electrocardiogram (ECG) or assessment of
regional systolic function (1-3,12,13) . The coronary arteries
in idiopathic dilated et,rdiomyopathy are frequently enlarged
and free of obstruction (I) . In contrast, severe muitivessel
disease is the most frequent finding in patients who have
cardiomyopathy due to coronary artery disease (14).
Direct visualization of the coronary arteries by trans-
thoracic two-dimensioesl echocardiography may be the ideal
noninvasive method for distinguishing the cardiomyopa-
thies . This technique has been the subject of investigation
for more than a decade (15-20) . Until recently, application of
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subjects who had isctwmic cardiomyopathy hind evidence of dis-
ease by coronary echocardiography or segmental wag motion
abnormalities. Muhivariate analysis permitted correct etassifca-
lion of 93% of all subjects basal on the remits of the coronary
echocardiogram, evaluation of segmental wall motion and a
history of prior myocardial infarction . The correct diagnosis was
made in 86% when the results of coronary echocardisfigraphy were
excluded from analysis using all other echocardiographic and
clinical variables.
Trarumorocic coronary
echocardiography
cm be per'orrmed
with a high degree of success in patients with diluted ventricles and
the technique cm reliably distinguish between isehemle and
nonischemic dilated cardiomyopathy .
(J Am Call Cardiol 1992 ;79.1223-8)
the technique has been confined to detection of left main
coronary artery disease because only limited portion of the
proximal left coronary system could be visualized (16,17,20) .
The development of high frequency annular phased army
transducers and computers that digitize echocardiographic
frames in real time have enabled visualization of greater
portions of the proximal left coronary artery system (2!-23).
Additionally, left ventricular dilation also permits visualiza-
tion of greater portions of coronary vessels that are oriented
in two-dimensional planes parallel to the length ofthe vessel.
The purpose of this study was to determine both the feasi-
bility and the accuracy of transthoracic coronary echocar-
diography for distinguishing ischemic and nonischemic di-
lated cardiomyopathy.
Methods
Study patents, The initial study group consisted of 16
patients with dilated cardiomyopathy and known coronary
anatomy who underwent coronary echocardiography to de-
termine the feasibility of this imaging technique
. The remain-
ing subjects were selected from all patients who were
referred to the Indiana University Echocardiography Labo-
ratory during a 3-year period for evaluation of left ventricu-
lar systolic function
. Inclusion criteria were I) increased left
ventricular end-diastolic diameter >5 .2 cm ; 2) reduced left
0735-1097/521$5 .00
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ventricular systolic function characterized by a fractional
shortening <0.i8 or a fractional area change <0
.36 (24) .
Subjects who were prospectively evaluated underwent cor-
onary angiagraphy within 3 months of echocardiography.
Patients were excluded if they had a history and echocardio
graphic evidence of significant valvular heart disease or
long-standing hypertension with echocardiographic evidence
of left ventricular hypertrophy (mid-anterior septum and
mid-posterior wall thickness >1 .2 cm in diastole). Patients
too ill to be transported to the echocardiography laboratory
were also excluded. A consecutive series of patients was not
enrolled because of the exclusion criteria and the require-
ment for coronary angiography . Patients were not selected
on the basis of the quality of echocardiogmphic images .
Echocardiography. Two-dimensional echocardiograms
were performed with commercially available equipment
(Ultramark-8, Advanced Technology Laboratories) to eval-
uate global and regional left ventricular systolic function and
chamber size
. Routine two-dimensional scans were per-
formed with a 3 .5-MHz annular phased array transducer or a
3-MHz mechanical sector scanner that was also employed
for pulsed wave Doppler examinations .
Coronary echacardiagran.9 were obtained with a 3.5-
MHz or a 5-MHz annular phased array transducer . The left
main coronary artery and the most proximal portion of the
left anterior descending artery were visualized in the short-
axis plane by previously described methods 112) . Coronary
artery images were digitized on-line by a manually triggered
mechanism that captured 32 consecutive fields at 33-ms
intervals. The resulting sequence of images consisted of
multiple tomographic "slices" of the coronary arteries ac-
quired as they passed in and out of the imaging plane . The
sequence of images was arranged in a quad screen format
that pe=itted sbnoltanvous display of flue separate seD of
images
. The transducer plane was slightly altered during
acquisition of each set of images to enhance visualization of
the proximal left circumflex artery and left anterior descend-
ing artery as both structures turn out of the imaging plane
used to visualize the left main coronary artery. Additional
sets of images were obtained with an apical five-chamber
view if adequate visualization could not be achieved in the
short-axis plane (17). The completed study was permanently
stored on 5 .25-in. (13 .34-cm) floppy disks for analysis .
Echocardiogram analysis. The fractional shortening and
fractional area change were determined in each subject from
two-dimensional echocardiographic measurements (25)
.
Segmental wall motion was qualitatively assessed by a single
observer who knew the subject's clinical history but not the
results of coronary echocardiography and angiography . In
addition, the left ventricle was assessed for the presence of
myocardial scar and aneurysm . Myocardial scar was defined
as an akinetic region with absent systolic thickening and less
diastolic thickness than that of regions with normal wall
motion. Left ventricular aneurysm was defined as a multi-
segment region exhibiting reduced diastolic thickness and
dilation in both diastole and systole .
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Coronary echocardiograms were interpreted by two ob-
servers who had no knowledge of the clinical history or
results of two-dimensional echocardiography and coronary
angiography . The analysis system permitted replay of a
portion or a complete image sequence as a continuous loop
or frame by frame analysis . The system also allowed gray
scale manipulation to optimize detection of high intensity
echoes that were interpreted as evidence of coronary artery
disease (19). Studies were considered adequate for interpre-
tation if the left main coronary artery could be visualized
together with any portion of the left anterior descending or
left circumflex artery beyond the bifurcation .
The criteria used to diagnose ischemic cardiomyopathy
were l)globular high intensity echoes that occupied m50% of
the lumen diameter of the left main, proximal left anterior
descending or circumflex artery in any one frame ; or
2) presence of intraluminal high intensity echoes on three
consecutive frames or for 50% of all the frames in which the
artery was visualized . Nonischemic cardiomyopathy was
diagnosed if high intensity echoes were absent or if intramu-
ral high intensity echoes were present without lumen en-
croachment. A third observer reviewed the studies in
blinded manner in cases of disagreement between the first
two observers .
Coronary angiography . All patients underwent coronary
angiography, which was performed and interpreted by a
cardiologist who had no knowledge of the :oraary echocar
diographic results . Subjects who had ?50% reduction in
lumen diameter of a major epicardial coronary artery were
defined as having significant coronary artery disease and
ischemic cardiomyopathy. Subjects who had <50% angio-
graphic narrowing of lumen diameter were defined as having
nonischemic dilated cardiomyopathy .
Statistical analysis . Clinical and echocardiographic varia-
bles were compared between those with ischemicand nonisch-
emic dilated cardiomyopathy by using the Fisher exact test
for variables with two categories
. The chi-square contin-
gency table test was used for variables with more than two
categories and continuous variables were analyzed with
unpaired r tests. Discriminant analysis was performed to
identify the combination of variables that most accurately
classified the two groups of subjects.
Results
Coronary angiography . By coronary angiographic crite-
ria, 32 patients had ischemic cardiomyopathy and 27 had
nonischemic dilated cardiomyopathy
. Of the patients with
ischemic cardiomyopathy, 5 had single-vessel, 13 had
double-vessel and I I had triple-vessel disease ; 3 patients had
significant disease of the left main coronary artery
. Coronary
artery disease involved the left anterior descending artery in
29 patients, the left circumflex artery in 21 and the right
coronary artery in 22. Twenty-seven patients (84%) had
angiographically significant disease judged to be within the
first third of the left anterior descending or left circumflex
JACC Vol. 19. No. 6
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Table 1. Ischemic Cardiomyopathy and Nonischemic Dilated
Cardiomyopathy: Clinical and EchneanV,graphic Variables
in 59 Patients
'Statistically significant difference between groups . Values with a
indicate mean values a SD . ECG = eledcacardiugron; LVdD = Irk
ventricular diastolic dimension
; MI = myocardial infarction
: WMA = wall
motion abnormality,
artery . A single patient had significant disease involving only
the right coronary artery ; in this patient the left anterior
descending artery had <50% reduction in lumen diameter.
The coronary angiographic findings were normal in 23
patients with nonischemic cardiomyopathy . Three other
patients had milt! linen irregularities and one patient had
40 stenosis of a diagonal branch.
Clinical and left ventricular echocardiographie data (Table
f) . Subjects with ischemic cardiomyopathy were older and
more frequently had a history of prior myocardial infarction .
ECG Q waves and one or more risk factors than did those
with nonischemic cardiomyopathy . Patients with ischemic
cardiomyopathy were also more likely to have segmental
wall motion abnormalities, scar and normal wall motion of
the basal anterior septum . The clinical and ventricular
echocardiographic predictors of ischcmic cardiomyopathy
had low sensitivity with the exception of risk factors (94%)
and abnormal segmental wall motion (81%). Subjects with
nonischemic cardiomyopathy were more likely to have a
history suggestive of antecedent viral illness and a larger
mean diastolic dimension. Left ventricular systolic function
was comparable in the groups with and without ischemic
cardiomyopathy.
Coronary echocardiography . The proximal left coronary
system was adequately visualized in 55 (93%) of the 59
patients. Three patients with ischemic cardiomyopathy and
one patient with nonischemic cardiomyopathy had inade-
quate studies . Among the studies considered adequate for
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Figure 1
. Coronary echocardiogram in a subject with ischemic
cardiomyopathy demonstrating high imensity echoes narrowing the
origin of the left anterior descending coronary artery (LAD) and
obstructing the origin of the left
circumflex
coronary artery, (menu .
head)
. Coronary anpopaphy showed calcification of the left main
coronary artery, severe stenosis of the left anterior descending
coronary artery and occlusion of the circumflex artery. An = aorta.
interpretation, there was disagreement between the first two
observers in eight studies
; four of these studies were of
reduced quality. The proximal left anterior descending ar-
tery was visualized in 55 patients (93%) and the left circum-
flex artery in 34 (58%) . When inadequate studies were
included in the analysis, the sensitivity of coronary echocar-
diography was 84% (27 of 32) and the specificity was 89% (24
of 27) for detection of ischemic cardiomyopathy. When
inadequate studies were excluded, the sensitivity and spec-
ificity of coronary echocardiography for detection of isch-
emic cardiomyopalhy were 93% (27 of 29) and 92% (24 of
26), respectively. The diagnostic accuracy was 93% (51 of
55).
Ten patients with ischemic cardiomyopathy had no his-
tory of myocardial infarction or ECG Q waves and three
patients with nonischemic cardiomyopathy had either Q
waves or a history of infarction. The accuracy of coronary
echocardiography was 85% ((1 of 13) in this subgroup of
patients who were incorrectly classified by these clinical
variables.
Patients who had ischemic cardiomyopathy tended to
have multiple high intensity echoes in the proximal left
coronary arteries (Fig . 1); less commonly, isolated, discrete
high intensity echoes were found (Fig. 2)
. These intraluminal
echoes were absent in patients who had nonischemic cardio-
myopathy (Fig . 3) . The arteries tended to be large and easily
visible in these patients.
All patients with ischemic cardiomyopathy could be
identified by coronary echocardiographic abnormalities or
by the presence of abnormal segmental wall motion . Both
coronary echocardiographic abnormalities and abnormal
segmental wall motion were absent in 67% of patients with
nonischemic cardiomyopathy.
Ischemic
Cardiomyopcthy
In = 32)
,Nonischemic
Cardiamyopalhy
(n = 27)
P
Value
Age )years)
56
.
11
47
a
15 0.015'
Male gender Ira.) 29(91%) 22(815°c1 0 .450
Preceding viral illness
Ino.l
0(0%) 7 (26%) 0.003'
Cardiac risk factors 30194%)
15156'6) <D .001'
History of MI (no .) 16(50%) 114411 <0.001-
Angina (no.) 14 (44%) 6 (22%) 0.103
Q waves on ECG
(no .)
19(59%) 2 (7 .5%) <0.001-
LVdD (cm) 6 .01 < 0.68 6 .47 - 0.75 0.018'
Fractional shortening 0.!a 0.06
0 .12 x 0
.06
0.216
F, Sonalarea
Change
074 011 , ._. .000 0.367
Segmental WMA 26 (a1%) 6 )22%) <0 .m1'
scar 11(34%I 0(0%) <0 .001'
Aneurysm 4(13%) 0(0%) 0 .118
Normal baseline
septa) notion
8 (25%)
14%)
0.031'
1226
	
SAWADA El AL
.
CORONARY ECHOCARDIOGRAPHY OF CARDIOMYOPATHY
LAD -®
--*~ LCX
Ao
Figure 2. Coronary ultrasound demonstrating a discrete high inten-
sity echo (arrowhead) obstructing the origin of the left anterior
descending coronary artery (LAD) which was confirmed by anging-
raphy. LCX = left circumflex coronary artery ; other abbreviation as
in Figure 1
.
Mubivariare analysis permitted correct identification of
93% of all subjects on the basis of results of coronary
echocardiography, analysis of segmental wall motion and
history of myocardial infarction. When the results of coro-
nary echocardiography were excluded from this analysis,
83% of subjects were correctly identified . When coronary
echocardiography was excluded from a discriminant analysis
that included all other variables, 86% of subjects were
correctly classified.
Discussion
Diagnostic utility of noninvasive methods . Various imag-
ing modalities have been investigated in an effort to find an
Figure 3. large, unobstructed left main coronary artery (L main)
and proximal left anterior descending coronary artery in
a patient
with nonischemic cardiomyopathy. The origin of the left circumflex
coronary artery is not seen in this frame . Other abbreviation as in
Figure 1 .
Ao
4
L Main
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accurate and cost-effective noninvasive method for distin-
guishing cardiomyopathy due to ischemic heart disease from
nonischemic dilated cardiomyopathy
. The differential diag-
nosis may still be in doubt after evaluation of the history and
ECG, particularly in middle-aged men with some coronary
risk factors (2,12,13,26) . Both cardiac fluoroscopy and thal-
lium scintigraphy have been employed as methods for dis-
tinguishing between these cardiomyopathies (4-9). Positron
emission tomography has been advocated as a potentially
more accurate method for differentiating the two groups by
providing information on both perfusion and metabolism
(10)
.
Detection of segmental wall motion abnormalities by
nuclear angiography or echocardiography does not accu-
rately identify patients who have ischemic cardiomyopathy
(3,11). Segmental abnormalities are not confined to patients
with coronary artery disease and these abnormalities may be
absent in those with advanced coronary disease and marked
left ventricular dilation (11) .
Two-dimensional echocardiography could enhance the
specificity of
regional abnormalities for ischemic cardiomy-
opathy by identifying patients who have an aneurysm or
thinned, akinetic segments suggesting myocardial scar . Left
ventricular aneurysm and scar formation, found on gross
inspection of the myocardium, occur in <15% of subjects
with nonischemic dilated cardiomyopathy
(27) .
In this study,
aneurysm and scar were absent in such subjects . However,
aneurysm and scar were insensitive indicators of significant
coronary artery disease .
Technique and diagnostic utility of coronary echocardiog-
raphy. The proximal left coronary artery was visualized in
93% of subjects. Previous transthoracic echocardiographic
studies (16,17,21,22) have reported lower rates of success for
imaging of the left coronary artery . The success of coronary
echocardiography in our study group was enhanced by the
increased left ventricular size, which reduced the angles of
curvature of the coronary arteries and permitted imaging of
longer portions in any one plane . Coronary visualization was
more difficult in subjects who had ischemic cardiomyopathy
because of the smaller left ventricular size and higher
frequency of obstructive lung disease . The smaller left
ventricular size increases the angle of curvature, making
visualization more difficult, In addition, obstructive lung
disease decreases the ability to visualize some cardiac struc-
tures.
The interobserver variability for determination of signif-
icant disease was not unexpected . This variability may be
due in part to the investigators' attempts to interpret studies
that were of suboptimal quality . Previous studies (19,22)
have shown that the distinction between diseased and nor-
mal arteries can be based on the presence or absence of high
intensity echoes . However, the echocardiographic criteria
for determining the severity of coronary artery disease that
correlate best with the results of coronary angiography have
not been established . The criteria employed in this study
accurately identified patients with cardiomyopathy when
subjects with inadequate echocardiograms were excluded .
JACC VOI. 19, No. 6
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The high accuracy of coronary echocardiography in this
study may be explained both by patient selection and y y tite
diffuse nature of coronary artery disease in the subjects with
ischemic cardiomyopathy. Those who had cardiomyopathy
due to long-standing hypertension were excluded from this
study . A higher frequency of mild, canobstructive coronary
artery disease might be expected in such patients than in
patients with nonischemic or idiopathic dilated cardiomyop-
athy . The echocardiographic differentiation of patients with
cardiomyopathy who have mild coronary disease (primarily
intramural high intensity echoes) from those who have
obstructive coronary artery disease (intramural and intralu-
minal echoes) may be more difficult than the differentiation
of patients with virtually no disease from those with obstruc-
tion. Also excluded from this study were patients who had
significant valvular heart disease, in whom aortic and mural
valve thickening and calcification may mimic high intensity
coronary artery echoes .
Pathologic studies in patients with prior myocardial in-
farction have demonstrated evidence of scattered or diffuse
atherosclerotic disease involving multiple arterial segments .
Dash et aL (28) in an angiographic study demonstrated that
patients with coronary artery disease and congestive heart
failure had a higher "coronary jeopardy score" reflecting
more extensive and proximally located disease than that of
patients without heart failure . In patients who have multi-
vessel disease including the left anterior descending artery,
the correlation is closer between measurements of coronary
flow and lumen area than between flow and percent diameter
stenosis because of diffuse arterial narrowing (29). Coronary
artery echocardiography enables detection of coronary dis-
ease in arterial segments that have little or no angiographic
evidence of disease (30) . The proximal and diffuse nature of
disease in ischemic cardiomyopathy explains the high sensi-
tivity of transthoracic coronary echocardiography, in which
visualization of the coronary artery may be proximal to the
portion demonstrating the greater angiographic disease .
In the diagnostic evaluation of dilated cardiomyopathy,
the critical task is detection of all patients who have signif-
icant coronary artery disease . Apart from vasodilator ther-
apy, little can be done to alter the natural history of
idiopathic dilated cardiomyopathy (31) . The treatment op-
tions for ischemic cardiomyopathy are broader and may lead
to prolonged survival and improvement of left ventricular
function. In this stud ;, all patients who had significant
coronary artery disease were identified by coronary echo-
cardiography or by the presence of segmental wall motion
abnormalities .
Study limitations and clinical application of coronary echo-
cardiography. Successful coronary visualization was not
universally achieved, and the accuracy of coronary echocar-
diography was only 86% when all patients were included in
the analysis, The results obtained in this study using digital
image storage and high frequency annular array transducers
may not be directly applicable to laboratories employing
other techniques for transthoracic coronary echocardiog-
SAWADA ET AL .
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raphy, No attempt was made to image the right coronary
arcry
. Patients whose left ventricular dysfunction is primar-
ily due to disease of the right coronary artery may be
misidentified by examination of only the tofu coronary sys-
tem. However
. limitation of the examination to the left
coronary artery may not significauily reduce the sensitivity
for ischemic cardiomyopathy . Of 66 patients who had isch-
emic cardiomyopathy, Yattean et al . (14) found none with
isolated right coronary artery involvement.
The utility of two-dimensional transesophageal echocar-
diography for examination of the coronary arteries was
recently reported by Reichert et al.
(32), who successfully
visualized the left main and proximal left anterior descending
and left circumflex arteries in 88%, 52% and 88% of patients
.
respectively . Significant cororary stenoses were correctly
identified in the majority of patients who had disease of the
left main or left anterior descending artery but not in those
with left circumflex disease. In the hands of these investiga-
tors (32). Doppler color flow mapping showed promise as a
method for detection of coronary stenoses by identifying
sites of disturbed flow signals . Iliccto el al. 133) recently
demonstrated that coronary flow reserve in normal aid
diseased left anterior descending arteries could be estimated
by transesophageal pulsed wave Doppler examination during
dipyridamote infusion . These alternative methods for exam-
ining the coronary arteries were not available when the
current cardiomyopathy study was initiated in this labora-
tory .
Differentiation of ischemic cardionyopathy from noniscb-
emie dilated cardiomyopathy solely on the basis of angio-
graphic criteria is not entirely precise . Cridiomyopathy of
unknown cause may coexist with coronary artery disease
that may not be the cause of ventricular dysfunction (34) .
Conetusiorrs. Transthoracic two-dimensional echocar-
diography of the proximal left coronary artery was per-
formed with a high degree of success in patients who had a
dilated left ventricle. In patients who had adequate studies,
coronary echocardiography accurately distinguished isch-
emic cardiomyopathy from nonischemic cardiomyopathy.
Multivariate analysis permitted accurate differentiation of
the two conditions in the entire study group . Maximal
sensitivity for detection of ischemic cardiomyopathy was
achieved by combining the results of coronary ultrasound
and analysis of regional wall motion
.
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